This paper summarises the results of the "Rhithron Ecology Group" meeting in Essen (March 2000) supplemented by a literature evaluation.
Introduction
The present view of morphology and community composition of near-natural mountain streams in Central Europe is mainly based on the current appearance of Central European streams and rivers, on which the "classical" studies on stream zonation and classification have been based (HUET 1949; ILLIES 1961; VANNOTE et al. 1980) . In recent years the discussion has focussed on "potentially natural conditions", defined as those conditions, to which a stream would develop from the current situation without further human impact. However, attempts to describe "potentially natural conditions" are in most cases also solely based on the current situation of nearnatural streams (BOHMER et al. 1999; LUA 1999a, b ; SOM-MERH,g, USER ~; SCHUHMACHER, in press).
Recently, a discussion has been started addressing the question, whether or not the morphology of the most natural streams in Central Europe is significantly different to the "potential natural conditions" TRABIN~ et al. 1997; E~LERT et al., in press ). Based on unknown stream morphology features it is questionable if the benthic communities currently found in "near-natural" streams really resemble the communities under "potentially natural conditions". The following factors influence the morphology, hydrology and community composition in pristine streams and are widely lacking in the Central European landscape: -The supply of woody debris to a stream with a pristine riparian zone is much higher than in even the most natural streams in Central Europe (HARMON et al. 1986; HER1NG et al. 2000) ,
-Little is known about the former and potentially natural distribution of the beaver ( Castor fiber) in Central Europe.
In optimal beaver habitats average densities of 10 beaver dams per km stream length could be found, having large impacts on stream morphology and habitat composition (NAIMAN et al. 1986 ). -Almost all Central European streams and rivers, particularly high-order streams, have formerly been described as having a stream bed which was several times wider and shallower than today, with corresponding current velocity, light transmission and substrate composition (ENLERT et al., in press ).
0075-9511/01/31/02-81 $15.00/0-Small standing water bodies of various kinds have been characteristic habitats in the floodplain of almost all stream types (CASTELLA et al. 1991; STANFORD • WARD 1993; HOMES et al. 1999 ) -today they are almost entirely lacking or are completely disconnected from the stream.
These habitat features, which are currently not present but may be of importance under "potentially natural conditions", are usually not considered for the description of "reference communities", both in Germany (BOHMER et al. 1999; LUA 1999a, b) and in other countries (JOHNSON 1998; NIXON et al. 1996; SMITH et al. 1999; VERDONSCHOT 1995; WRIGHT et al. 1993 WRIGHT et al. , 1998 . Focussing on the current appearance of streams may lead to a standard, which is based on severely degraded streams, particularly in a densely populated area such as Central Europe.
These questions were the main focus of the "Rhithron Ecology Group" (REG) meeting, which was held in Essen (23 rd to 25 th March, 2000) . The REG is a group of Central European stream researchers meeting annually and discussing current problems in limnology. With this paper we summarise some of the meeting's results and extend these by a literature evaluation.
The aim of this paper is to draw an extended picture of morphology and communities of Central European small streams under "potentially natural conditions". The focus is on potential impacts through natural transverse structures (debris dams and beaver dams) on stream morphology, hydrology, habitat composition and communities. Based on this example, we discuss the potential impact of stream morphological features on habitat composition in general and consequences for stream assessment. Today these features are lacking in almost all rivers and streams in the Central European landscape.
It is obvious that this article is somewhat hypothetical since many of the mentioned parameters can no longer be studied in Central European streams. However, some recent investigations address precisely these topics and in many cases studies from other regions can be taken into consideration.
Natural transverse structures in small streams
Natural transverse structures in streams originate from debris accumulations ("debris dams"), which are often initiated by single logs, or by beaver dams.
Many definitions of "debris dams" can be found in the respective literature (e.g. SWANSON et al. 1976; BILBY 1979 BILBY , 1981 ROBINSON & BESCHTA 1979a; BILBY ~; LIKENS 1980; MARSTON 1982) . We apply the definition of GREGORY et al. (1985) , who classified transverse debris dams as follows: 1. active dams, which present a complete barrier across the channel inducing a pronounced step in the water surface profile, even at low flows; 2. complete dams, which completely span the channel without inducing a significant step at low to medium flows; 3. partial dams, which do not completely traverse the channel. Particularly in low-order streams debris dams may lead to a stepped profile of the stream. Several authors found values between 20% and 80% of the stream's drop being associated to debris dams in near-natural stream sections (SWANSON et al. 1976; KELLER & SWANSON 1979; BILBY 1981; BILBY & WARD 1991) . In general, the importance decreases in highorder streams (BILBY 1981; BILBY & WARD 1991) .
Beaver dams are constructed in shallow streams to raise the water table and prevent uninvited guests from accessing the beaver lodge. Most studies on beaver dams and their impact on the stream ecosystem have been carried out with the Canadian beaver (Castor canadensis); in general, the European beaver (Castor fiber) builds dams less frequently.
While in optimal beaver habitats in the Canadian lowlands an average of 10 beaver dams/km stream length has been observed (NAIMAN et al. 1986 ), such high values are unusual and rarely found along Central European streams. In Europe, the dam-building activity of beavers seems mainly restricted to mountainous areas. In a beaver habitat in the Eifel mountains (Western Germany) beavers have built 25 dams on a 900 m stream stretch (HERING, unpubl, data) , in the Spessart mountains (Southern Germany) 16 dams on 1.3 km stream length have been constructed (HARTHUN 1998) . In the Central European lowlands dam building activity is less frequently observed.
In the following, we try to describe the potential effect of natural transverse structures on morphology and communities of Central European streams, based on literature references and theoretical considerations.
Impact of transverse structures on stream morphology, hydrology and stream metabolism
Three different section types of mountain streams are compared:
-unimpounded stream sections ("free flowing sections") -sections characterised by a large number of debris dams -sections impounded by beavers.
An overview is given in Table 1 ; the individual parameters are described below.
Log dams and beaver dams are generally of different nature. However, their size may be comparable. Beaver dam heights, both of Castor fiber and Castor canadensis, are usually <1.5 m (TowNSEND 1953; CURRY-LINDAHL 1967; MED-WECKA-KOaNAS & HAWRO 1993; GURNELL 1998; HARTtJUN 1999) . Debris dams tend to be smaller with an average height of up to 1 metre (MARSTON 1982) .
While upstream of beaver dams ponds or large pools are created (which may have a size of several 1000 m2; see Table 1 . Comparison of unimpounded mountain streams ("free flowing sections"), sections characterised by a large number of debris dams ("debris dam sections") and sections impounded by beavers ("beaver dam sections"): stream morphology and hydrology. Reaches of at least 500 meter length containing several dams are considered. Base for comparison is the "free flowing section". Explanations:
--= considerably less than in free-flowing sections; -= less than in free-flowing sections; 0 = no difference to free-flowing sections; + = more than in free-flowing sections; ++ = considerably more than in free-flowing sections.
Parameter
Debris RALPH et al. 1994) . The pool surface area in a certain stream section is usually correlated to the wood debris volume (BILBY 1984 (BILBY , 1985 BISSON et al. 1987; BILBY & WARD 1989; ROBINSON & BESCHTA 1990b) . One main parameter determining the effects of transverse structure on stream habitat composition is the structure's stability, which is largely dependent on discharge, stream size, tree species and location of the structure. Moreover, size, including length and diameter, is a major factor contributing to debris stability (BRYANT 1983; BILBY 1984 BILBY , 1985 GRETTE 1985) . There are several indications that debris dams can be stable for decades or even centuries: --KELLER • SWANSON (1979) observed a large debris jam in a low-gradient stream, which had formed 15 to 20 years prior to these observations. -In high-gradient streams large debris may reside for more than a century (SWANSON et al. 1976 ). The authors observed five of seven accumulations, which originated more than 20 years earlier, and one appears to be at least in part more than 100 years old.
-- KLEIN et al. (1987) observed a 9 year old debris jam. -Identified logs in coniferous forests of the Pacific Northwest (USA) have been in channels for 200 years and more (KELLER & TALLY 1979; SWANSON et al. 1976 ). Old-growth conifer debris is estimated to decay at a rate of 1 percent per year (GRETTE 1985) . -Using historical data TRISKA (1984) could show how a large accumulation in a river formed over a period of >375 years. Other debris remained in place for 80 to 150 years.
This large number of observations indicates that stable debris dams are no exception, at least in near-natural streams with a large input of coniferous trees. However, the life-span of most debris dams is shorter, as studies quantifying accumulations several times have shown (BILBY 1984; RAIKOW et al. 1995; PIEGAY & GURNELL 1997) .
Data on beaver dam stability are less frequently found in literature. There are some observations of beaver ponds existing for decades (DEVITO & DILLON 1993; RINGELMAN 1991; BUTLER & MALANSON 1995) , while particularly in mountain streams a high turnover is observed (PIEGAY & GURNELL 1997; HERING, unpubl, data) . Beaver dam collapse is often caused by excessive, high-intensity precipitation, rapid snowmelt, animal burrowing through the dam, collapse of upstream dams and presumably anthropogenic interference (BUTLER 1995) . In streams >4 th order beaver dams usually do not persist (RINGELMAN 1991).
Debris dams do not seem to increase water depth in general, as different observations show (GERHARD & REICH 2000; SHIELDS & SMITH 1992; WALLACE et al. 1995; TROTTER 1990) . However, variability in water depth seems to be increased.
The variability of water depth is also increased by beaver dams (KELLER & TALLY 1979; HOGAN 1986) . If only the area of the former channel is considered, water depth is strongly increased; however, also large shallow zones are generated. The deepest zone is usually located in the former channel (HARTHUN 1998) .
Very large wood accumulations, which have historically been reported from large rivers, may significantly reduce the river's width. TRISKA (1984) described wood debris to reduce a river's width from approximately 185 m to approximately 40 m. Concerning smaller streams, several authors stress the general increase of mean channel width and its variability (ZIMMERMANN et al. 1967; SWANSON et al. 1976; KELLER & SWANSON 1979; BILBY 1984; MASER et al. 1988) . Two studies (TROTTER 1990; GERHARD & REICH 2000) have statistically proven an increase in variability of stream width.
Stream width is generally increased by beaver activity (e.g. NAIMAN et al. 1986 ), though the effect has rarely been quantified. The presence of beaver dams increases diversity in channel width (KELLER & TALLY 1979; HOGAN 1986) .
No comparative investigations on the hyporheic zone of stream sections with and without dams are known. However, the thick fine-sediment layer on the bottom of beaver ponds certainly significantly reduces the hyporheic interstitial.
Standing water bodies in the floodplain may be caused by debris dams, particularly if they are located parallel to the stream and water is stored there after a flood (HERING & REICH 1997) . On a far larger scale this has been proven by TRISKA (1984) : more lakes have been present upstream of a large-scale wood accumulation in a river:
Beaver ponds are often standing waters, which usually do not replace but supplement running water stretches (HARTHUN 1998) . Beaver ponds may have a surface area of several 1000 m a (LlZZERALDE 1993; HARTHUN 1998) or even some 10,000 m 2 (NAIMAN et al. 1986; DEVITO & DILLON 1993) . Following the break of beaver dams, small standing water bodies may remain in the floodplain (HARTHUN 1998) .
Ecotones, e.g. shorelines, are strongly expanded by both, wood accumulations and beaver dams, due to the generally increased variability of width (GERHARD 1997; HARTHUN 1999) . JOHNSTON & NAIMAN (1987) distinguish different kinds of ecotones, which are extended by beaver dams, both horizontal and vertical (water body-sediment, water body-atmosphere, shoreline).
Water temperature may potentially be altered in sections with large wood accumulations, due to reduced canopy cover. However, this is a secondary effect.
The water body of beaver ponds in mountainous areas of Central Germany has been observed to be significantly warmer than the adjacent stream sections (average of 2.3 °C, HARTHUN 1998 HARTHUN , 2000 ; the largest temperature fluctuations can be observed in shallow water zones and close to the dam (HARTHUN 1998 (HARTHUN , 2000 . Due to generally low water depths a stable stratification is usually not observed (NAIMAN et al. 1984 ).
SHIELDS & SMITH (1992) observed an increased variability
of current velocities and a general decrease in mean current velocity in stretches with debris dams compared to those without. TROTTER (1990) also measured statistically significant lower current velocities in debris rich stream sections. WALLACE et al. (1995) observed the same phenomenon. This may lead to a delay (and melioration) of flooding peaks in debris dam rich streams (GREGORY 1992) . EHRMAN & LAMBERTI (1992) found that reaches of 3rd-order streams with woody debris dams retained water 1.5-1.7 times longer than those with minimal woody debris. High current velocities are mainly restricted to dam overflow. Therefore, in the vicinity of organic debris dams, the erosive energy is dissipated during the overflow, reducing the capacity of stream water to transport sediment in the remaining sections of the stream (HEEDE 1972) .
The same effects are far more pronounced in reaches influenced by beavers. The dams are capable of regulating wide fluctuations in water level (GuRNELL 1998; HARTHUN 1998) . In the centre of large beaver ponds the water is almost standing (HARTHUN 1998), the energy is dissipated within the dams (ROLAUFFS 1999).
Therefore, both beaver and debris dams reduce the proportion of lotic zones by generating lentic areas. This effect is particularly obvious in beaver influenced stretches. However, beaver habitats are usually not completely impounded and some lotic zones remain.
On smaller scales, habitat diversi~ is significantly increased in streams with debris dams. This has been shown for variability of average habitat patch size and for water depth variance (KELLER & SWANSON 1979; LISLE 1995; GERHARD & REICH 2000) . Debris dams and snags in lowland streams and rivers often provide the only stable substrate in the water column (SMOCK et al. 1989) .
Several studies address the impact of beaver activity to floodplain habitat diversity, particularly the so-called "beaver meadows" (RUEDEMANN & SCHOONMAKER 1938; BUTLER & MALANSON 1995) . The extension of riparian zones is greatly increased around beaver ponds (NAIMAN et al. 1986; LIZARRALDE 1993; HARTHUN 1998 HARTHUN , 1999 . The ground water table is usually raised, often more than 0.5 m (IvEs 1942; ZAHNER 1997) . Aquatic and riparian habitats generated by beaver activity include the pond, the surrounding riparian zone with its raised groundwater table and utilised vegetation, exhibiting both waterlogged areas and areas of enhanced soil moisture content. Often a marginal floating mat of peat and vegetation extending along parts of the pond boundary and a zone of anaerobic sediments beneath the pond bed are found (JOHNSTON & NAIMAN 1987) . Other secondary aquatic habitat types include the beaver dams (Ro-LAUFFS 1999), canals and secondary channels (HARTHUN 1998) . In general, patchiness of bed sediments of different calibre is increased (SULLIVAN et al. 1987) . Large fine sediment patches, which are usually not present in mountain streams, broaden the substrate spectrum.
Besides these "secondary effects" of debris and beaver dams the dams add a new structure to the stream. Debris dams usually contain large pieces of wood; the longest wood piece is usually significantly larger than the average channel width (PIt'GAY & GURNELL 1997) . Wood pieces generating pools are usually thicker and longer than the average woody debris (RICHMOND & FAUSCH 1995) . The effectiveness of dams largely depends on the input of leaves and twigs, which clog the cracks and gaps between the large logs and branches that form the framework of the dam (BILBY 1981) .
In contrast, beaver dams consist of pieces of wood, typically 1-2 m long and <5 cm thick, and sometimes stones, which were sealed with mud on the upstream face (RICHARD 1955; ROLAUFFS et al., in press ).
From the above information it is obvious that beaver dams particularly increase the abundance of short-living habitats: zones wetted only temporarily, secondary channels, and the dam itself may be subject to rapid successions (ROLAUEFS et al., in press.) . Beaver activities may create a wide variety of secondary channels, which may be interconnected, ephemerally, intermittently or perennially inhabited (Woo & WADDINGTON 1990; GURNELL 1998) . This may lead to a anabranching channel pattern (Gue, NELL 1998), particularly in lowland streams. In addition, burrowing behaviour and the dissipation of smaller beaver dams leads to secondary channels (HARTHUN 1998).
To a smaller degree, bypassing channels are present in the vicinity of debris dams (SWANSON & LmNKAEMPER 1978; B IS-SON et al. 1987; ROBINSON & BESCHTA 1990a) ; debris accumulations frequently lead to creation of islands and midchannel bars (KELLERHALS et al. 1976 ).
Both, debris dams and beaver dams significantly contribute to sediment retention. This has frequently been stated for debris dams (SEDELL & TRISKA 1977; SWANSON & LIENKAEMPER 1978; KELLER & SWANSON 1979; NAIMAN SEDELL 1979; BILBY & LrKENS 1980; BmBY 1981; ROBINSON & BESCHTA 1990a; BUTLER & MALANSON 1995) . BILBY (1981) observed sediment pools upstream of 23 of 33 investigated debris dams in a low-order stream; according to ECKERT et al. (1996) 15% of debris dams in Southern German streams (different stream orders) have a sediment storage function. In low-gradient streams stored sediment is primarily located in mid-channel bars downstream of the obstruction, in high-gradient streams primarily upstream of the obstruction (KELLER & SWANSON 1979) . In general, sediment storage associated to debris dams is more important in loworder streams (KELLER & SWANSON 1979; BmBY & WARD 1989) , where it can contribute to up to 87% of the sediment storage capacity (BmBY 1981) . Therefore, removal of woody debris usually results in scouring (BESCHTA 1979; BILBY 1984; LISLE 1986; SMITH et al. 1993) . The volume of sediment stored behind log steps in third-, fourth, and fifthorder streams has been observed to be 123% of the mean annual sediment load, including both suspended material and bed-load (MARSTON 1982) . Debris dams have been observed to store up to 24.800 m 3 of sediment (KLEIN et al. 1987) .
Beaver dams are even more effective in retaining sediments. According to NAIMAN et al. (1986) a properly positioned small dam of 4-18 m 3 of wood could entrap 2000 to 6000m 3 of sediments, according to LIZERRALDE (1993) dams are able to retain sediment in the range of 684 m 3 to 120000 m 3.
In general, the same is true for storage of organic matter.
Debris dams may store 20-80% of the CPOM in near-natural low-order streams (BILBY & LrKENS 1980; SMOCK et al. 1989 ). Beaver dams increase the CPOM standing stock up to three orders of magnitude (NAIMAN et al. 1986 ).
These effects result in a distinctive alteration of habitat composition. Litoral zones are particularly abundant in beaver influenced landscapes. Both, debris and beaver dams significantly increase the woody debris standing stock.
Macrophytes may be particularly abundant in older, more stable beaver ponds (RINGELMAN 1991) . The proportion of different mineral substrates on the stream bed is particularly altered in beaver influenced reaches, due to the sediment storage function of beaver dams, which leads to thick fine sediment layers (Psammal, Pelal). The proportion of coarser materials (Akal, Lithal) is usually decreased correspondingly; however, some patches of coarse material usually "survive", since the reach is not completely impounded. The effects of debris dams are similar, but less pronounced.
Impact of transverse structures on community structure
The above described morphological and hydrological effects of debris dams and beaver darns significantly alter the conditions for the stream community. In this section, we address the question, which alterations on the community level have been observed and can be expected, with a special focus on Central European streams. Many of the above described morphological effects of transverse structures, which have been investigated in North America, may be transferrable to Central Europe. However, this is not necessarily true for investigations in community composition, due to very different structured aquatic communities in North America and Europe. Therefore, it is most obvious that further research is necessary.
General considerations
Not all morphological and hydrological effects described above have been investigated according to their impact on community composition (stream size, valley form, altitude, substrate spectrum, discharge, size of the impounded areas). However, some general guidelines can be derived: -Apparently, one strong effect is the increase in habitat diversity through debris and beaver dams, which leads to an increase in species number, if longer reaches are considered (O'CONNOR 1991; CLIFFORD et al. 1993; RALPH et al. 1994; ALLAN 1997; HARTHUN 1998; HAGGLUND & SJOBERG 1999 ).
-A major impact is the larger proportion of woody debris in stream habitat composition, which increases the density of macroinvertebrates in parts of the stream bottom (RALPH et al. 1994; HOFFMANN & HERING 2000) .
-
The higher proportion of lentic zones and standing waters and the increased variability of current velocities leads to a significant alteration of stream metabolism and community structure, particularly in beaver influenced landscapes (BILBY 1984; NAIMAN et al. 1984 ; HAGSLUND ~; SOBERS 1999).
Due to widely extended transitional zones and ecotones, both by debris and beaver dams, species inhabiting these zones and changing between habitats are promoted (Scr~WERDTFEGER 1979; NAIMAN et al. 1984) .
In the following, we individually discuss the effects of three major sections associated with debris and beaver dams:
-the structure itself -the impounded area -the section downstream of the dams.
The community inhabiting transverse structures
Patterns of the communities inhabiting transverse structures are summarised in Table 2 . Debris and beaver dams act as "nets" trapping suspended material and organisms (CLIFFORD et al. 1993 ). According to SMOCK et al. (1989) debris dams covering 1-3% of the stream bed trap 21-85% of the CPOM; the same is basically true for FPOM (BILBY 1981) . The increased organic content and the increased surface may lead to dramatically increased densities of macroinvertebrates : -SMOCK et al. (1989) observed macroinvertebrate abundance being 10 times higher in debris dams compared to other areas and biomasses being 5 times higher. Shredder species increased most significantly. -According to BENKE et al. (1984) debris dams representing 4% of the stream bed's surface contribute to 60% of total invertebrate biomass and 16% of the productivity. -COLLIER & HALLIDAY (2000) observed densities of invertebrates being 2-3 times higher on woody material compared to inorganic substrates. -According to ROLAUFFS et al. (in press ) emerging biomass of a beaver dam is 5.0 times higher than in free flowing sections and 5.4 times higher than in pond sections.
Moreover, debris and beaver dams seem to be generally more species-rich than other substrates. BENKE et al. (1984) observed 40 genera living on wood debris compared to 20 genera living on sand and mud. ROLAUFFS et al. (in press) observed a mean annual number of emerging Ephemeroptera, Plecoptera, Coleoptera and Trichoptera species of 32.3/trap (779 cm 2 ground area) in a beaver dam, 18.4/trap in a brook section and 11.0/trap in a beaver pond. Particularly in lowland streams debris and beaver dams may add species characteristic for lotic zones (BENKE et al. 1984; CLIFFORD et al. 1993) . Filter feeding organisms, such as Simuliidae (CLIFFORD et al. 1993) and Philopotamus spp.
(Trichoptera) (ROLAUFFS et al., in press) generally seem to be promoted by beaver and debris dams. Philopotamus spp. are predominantly swarming above dams.
Simulium noelleri (Diptera: Simuliidae) is likely characteristic for the described habitats in Central Europe. The species is bound to "transitional zones" and lives on both, natural and artificial dams. On artificial dams densities of 1.2 x 106 specimens m 2 (WOTrON 1987) and 1.7 x 106 specimens m -2 (KIEL et al., in prep.) have been recorded. High densities can also be expected for beaver dams.
Besides filter-feeding organisms xylophagous species and species feeding on the epixylic biofilms benefit from dams. HOFFMANN • HENNa (2000) list 103 Central European macroinvertebrates species closely associated with wood debris, comprising obligate xylophagous species as well as shredder species (facultatively xylophagous species) and species representing other feeding types.
In conclusion, debris accumulations of different nature increase invertebrates abundance and productivity of streams, particularly by supporting filter feeding organisms, shredder species and xylophagous species.
The community inhabiting impounded sections
Beaver dams largely increase the proportion of lentic zones in a floodplain, while these are only slightly increased through debris dams. However, the generation of lentic zones and the associated increase of fine sediments seems to be the main parameter affecting the community upstream of transverse structures (Table 3) .
The macroinvertebrate fauna of stream sections impounded by beavers resembles the fauna of natural or artificial ponds. According to CLIFFORD et al. (1993) Chironomidae and Pisidium spec. (Bivalvia) are particularly abundant. NAIMAN et al. (1984) observed an increase of Ephemeroptera biomass, while no changes in Trichoptera and Plecoptera biomass were observed. HARTHUN (1998 HARTHUN ( , 1999 ) observed a lack of rheophilic species in general (particularly Trichoptera) but an increase in the number of occurring Mollusca and Odonata species. LOUSE (2000), who compared the emergence of a beaver pond with an unimpounded section of a mountain brook, observed a general decrease of emergence density in the pond. The overall emergence density in the pond was 60% of the emergence density in the brook, the number of EPTC species was significantly lower. Cloeon dipterum was the most abundant Ephemeroptera species in beaver ponds investigated by HARTHUN (1998); ROLAUFFS et al. (in press) observed the Ephemeroptera species Centroptilum luteolum as most abundant. Large abundancies of both species are usually restricted to standing water bodies and lentic zones. Additionally, xylophagous species (such as the Table 3 . Effects of debris dams and beaver dams on macroinvertebrate community composition compared to unimpounded sections ("free flowing sections") part 2: the section upstream of the dam. Abundance/species number: bold = literature data available; standard --suggestion. Other symbols compare Table 1 (HARTHUN 1998; LOUSE 2000) and rheophilic species decreased or disappeared, The effects of debris dams on the upstream section seem to be different to those of beaver dams. WALLACE et al. (1995) observed macroinvertebrate abundancies 8 times higher directly upstream of log dams compared to riffle areas not associated to debris dams. In particular, the densities of Amphipoda and certain Diptera groups increased, while densities of EPTC species decreased. According to functional feeding groups, densities of scrapers and filter feeders decreased, collectors and predators increased, while there was not change in shredder density. There is no direct indication in literature of lentic species increasing upstream of debris dams.
No detailed investigation in macrophyte vegetation in beaver ponds and sections upstream of debris dams has been undertaken. In general, beaver ponds may be subject to rapid silting up, often associated with eutrophication, since sediments are trapped effectively. This may lead to a floating and riparian vegetation, as described by I~AST & FOX (t990) , RINGELMAN (1991) and HARTHUN (1998) . Riparian and floating vegetation may generally lead to an increase in macroinvertebrate productivity (SHEF~RS 1998) . Comparable investigations on sections upstream of debris dams are still lacking.
The fish fauna of beaver ponds has been subject to several investigations in North America (e.g. KEAST & FOX 1990; SCHLOSSER 1995) . Beaver ponds may act as nursery habitats for stream fish species (SCHLOSSER 1995) while riffle sections act as non-reproductive areas. Beaver ponds have been found to be less species rich than natural lakes but have a lower species-area relation (KEAsT & FOX 1990) . In general, stagnant water species such as Phoxinus phoxinus seem to be most abundant. Rheophilic species utilise the ponds as a refuge, particularly during low-flow conditions in late summer (HAG-GLUND • SJOBERO 1999) . Pools generated by debris dams are also important habitats for stream fish species and may significantly enhance fish productivity (RALPH et al. 1994 ).
The community inhabiting stream sections downstream of debris and beaver dams Downstream section are very likely influenced by the dams and impounded sections (Table 4) . BENKE et al. (1984) observed a proportion of 78% of the drifting biomass of animals downstream of debris dams originating from the dams snags. O'CONNOR (1991) found the fauna downstream of debris accumulations to be less species rich than the fauna of the accumulation, since many of the species characteristic for wood substrates are lacking.
In general, the macroinvertebrate fauna downstream of beaver dams is quite similar to that of the dam itself, although shredders are less abundant and the fauna more closely resembles that of lentic zones (CLIFFORD et al. 1993) . ROLAUFFS et al. (in press) found the fauna of the dams to be more similar to those of the downstream sections than those of the ponds. HARTHUN (1998) compared stream section upstream and downstream of beaver ponds. The downstream section proved to be more species rich for Mollusca, Odonata and Trichoptera, in particular rheophilic taxa. Lake-outlet communities dominated by filter-feeding organisms have not been described from sections below beaver dams. This may be due to the effective retention of organic material in beaver ponds, since seston quality and quantity determines the filterfeeding community of lake outlets (RICHARDSON 8; MACKAY 1991) . It is more likely, that the "lake outlet community" of beaver ponds is restricted to the dams, where the community is dominated by filter feeding organisms.
Other habitat types
Only little information is available on the communities inhabiting other terrestrial or aquatic habitat types associated to beaver and debris dams. Considering information on similar habitat types, the following effects may be suggested: -Unvegetated gravel and sand bars in the vicinity of debris structures may significantly increase the diversity of Carabidae, Staphylinidae and Araneae (SMITet al. 1997 ).
-Trees drowning in impounded sections may add to the diversity of terrestrial xylophagous organisms (SAARENMAA 1978). --Secondary channels and temporary waterbodies may enhance the diversity of macroinvertebrates with a desynchronised life-cycle, such as the Ephemeroptera genus
Siphlonurus. In some stream types, e.g. alluvial floodplains, stagnant waters may be even more important for the overall diversity in floodplains than the stream itself (HOMES et al. 1999 ; STANFORD ~% WARD 1993). -Braided reaches (such as secondary channels) may generally decrease the shear stress on the stream bed and reduce the abundance of rheophilic species.
Perspectives
Other parameters determining morphology and community of small mountain streams
The considerations above show that stream sections with many transverse structures (debris dams or beaver dams) may comprise a very different fauna, compared to free-flowing sections, particularly in terms of the share of the occurring species. This is particularly true, if longer sections are considered (Table 5) . Besides the impact of transverse structures, other factors, which are widely lacking today may have a considerable influence on stream morphology and community composition in small mountain streams under "potentially natural conditions". It is quite likely that the channel morphology of many Central European stream types was very different under natural conditions compared to the present situation: According to KILIAN (1994) Central European mountain streams with a highly variable discharge (e.g. in the Carbonic and Devonic formations) were often braided or anabranched under natural conditions, thus flowing in more than one channel. This may have lead to lower current velocities, a higher proportion of fine sediments and numerous side arms as well as temporary water bodies. Many effects of a braided channel might be similar to those of natural transverse structures. In addition, wood accumulations might significantly increase the number of braided sections.
Large rivers
The above considerations are related to small streams with a catchment area of approximately <100 km 2. Larger streams are more strongly altered by human impact and in nm~t cases their present morphology and fauna does not resemble the "potential natural conditions" at all. Therefore, a hypothetical reconstruction of near-natural morphology and community structure is the only way to describe reference situations for larger rivers. A detailed desription of the methodology is available from EI~LEkr et al. (in press ).
Many stream characteristics are more or less strongly expressed than in small streams. Particularly, the great importance of standing water bodies for floodplain biodiversity Table 5 . Suggested effects of debris dams and beaver dams on macroinvertebrate community composition compared to unimpounded sections ("free flowing sections") part 4: comparison of complete sections. Abundance/species number: Symbols compare Table 1 must be highlighted. Moreover, rivers in some mountainous areas have been braided in the past, incorporating a wide range of aquatic habitats from stagnant water bodies to fast flowing sections (EHLERT et al., in press ). In general, water depth was shallower. There are many observations from the 19 th and early 20 tu century leading to the assumption that a distinct rheophile river fauna existed in Central Europe (MEYER 1867; KOLBE 1878 KOLBE , 1883 BORCHERDING 1883; SCHOENEMUND 1930; VONNEGUT 1938; FITTKAU & REISS 1983; ZWlCK 1992; KAISER 1993) . Today only the generalistic species have survived. Stream classification in Central Europe has mainly been based on the division into "rhithral" and "potamal", mainly distinguished using temperature patterns, with the rhithral (small streams) being characterised by a rheophilic fauna and the potamal being characterised by limnophilic species (ILLIES & BOTOSANEANU 1963) . This division might be a result of stream habitat degradation: sections with low current velocity might be as characteristic for small streams as for larger rivers. However, literature evaluation might reveal another possible distinction between rhithral and potamal sections: the stability of debris accumulations. Small streams ("rhithral") are usually characterised by stable debris accumulations, while wood accumulations usually do not remain in larger streams ("potamal").
Consequences for the definition of reference conditions and for stream assessment
In almost all cases it is necessary to use considerations on habitat composition under pristine conditions for the description of "reference conditions" of Central European streams. This is especially true for larger rivers, but must also be applied for small streams. Particularly "reference conditions" used to describe and assess the impact of habitat degradation on the macroinvertebrate fauna should consider natural transverse structures, lentic zones and side arms. The removal of natural transverse structures and the associated loss of important habitat types is already leading to a severe degradation of the fauna. This change can be detected e.g. in the decrease of lentic species and the increase of rheophilic species.
Morphologically degraded mountain streams are usually characterised by homogeneous and high current velocity. According to many metrics and indices presently used for stream assessment, species adapted to high current velocities and high oxygen contents lead to high scores and a good assessment result. But this may be misleading for morphologically degraded small streams: here, the community inhabiting lentic zones, which also needs high oxygen contents and comparable temperature patterns as rheophilic species, is most important for assessment purposes. Lotic zones are presently more frequently found, than they would be under natural conditions. Lentic zones have been lost. In other words: an overproportionate share of rheophilic species may indicate habitat degradation in small streams.
